Summary. When pre-implantation embryos were transferred to the oviducts of pseudopregnant recipient females, on the 1st day post coitum, the percentage of females becoming pregnant was greater when a very small inoculum volume was used. The number of eggs injected per oviduct, in the range from two to ten, did not significantly affect the percentage developing into foetuses. The pregnancy rate was lower for one\x=req-\ cell than for two-cell and eight-cell eggs, morulae and blastocysts, but the percentage of eggs developing into live foetuses in those females which became pregnant was similar for all stages.
INTRODUCTION
In 1959, Tarkowski (1961) for the rat.
The present experiments were designed to explore the effect of the stage of eggs transferred, and to determine whether an intact zona pellucida is required for normal development in vivo.
MATERIALS AND METHODS
The mice used were from the randomly bred 0_ strain. One-cell eggs were recovered in phosphate buffered saline (PBS) from donors on the 1st day post coitum (p.c.) , by incising the ampulla of the oviduct, and then treated with hyaluronidase (Sigma, Type 1, 350 NF units/mg) to remove the cumulus oophorus. The hyaluronidase solution was made up at a concentration of 0-5% in PBS containing 10 mg/ml of polyvinyl pyrrolidone, added to reduce the stickiness of the eggs. The time required to disperse the cumulus, at room temperature, was 3 to 5 min. The treated eggs were then washed in three changes of 1 ml PBS.
Two-cell eggs were obtained on the morning of the 2nd day p.c. by flushing the excised oviduct with PBS. Eight-cell eggs were expressed by blunt dissection from the uterine end of the oviduct on the 3rd day p.c., and morulae and blasto¬ cysts were flushed from the uterine horns on the 4th day p.c. (vaginal plug found on 1st day p.c.).
The zona pellucida was removed from the eggs with pronase (Calbiochem, grade, 45,000 PUK units/g), at a concentration of 0-5% (Mintz, 1962) . This solution was made up in PBS containing 10 mg/ml of polyvinyl pyrrolidone, incubated at 37°C for 2 hr, and dialysed overnight in the cold (4°C) against PBS (Mintz, 1967) . Eggs were treated with pronase solution at room tempera¬ ture and observed under the dissecting microscope. They were removed from the pronase either when the zona had just vanished (8 to 12 min) (Treatment 1) or when a faint ring of zona still remained (7 to 11 min) (Treatment 2). This remnant of zona had dissolved by the time of transfer. After removal from the pronase, the eggs were carried through two washings with 1 ml of PBS each, and placed in transfer medium (10% calf serum in PBS, Calf Serum No. 1, natural clot, heated, Wellcome Labs.).
Transfers were carried out according to a modification of the method of Tarkowski (1959, 1970) . On the 1st day p.c., recipient mice mated to vasecto¬ mized males were anaesthetized with intraperitoneal Nembutal (0-0125 ml/g body weight of 6 mg/ml solution). A transverse, dorsal skin incision was made to the left of the midline. The left ovary could usually be seen through the posterior abdominal wall, which was then incised. The Blastocysts were transferred to the uterus of recipients on the 3rd day accord¬ ing to the method of McLaren & Michie (1956) . Eggs were cultivated in vitro according to the method of Brinster (1963) .
RESULTS
The success of the transfer operations depended critically upon the volume injected into the oviduct (Table 1) . A six-fold reduction in the volume of the inoculum increased the pregnancy rate from 25% to 63% ( 2( ) = 5-7, <0·02). The increase in the number of live foetuses in those recipients which became pregnant was not statistically significant. In subsequent experiments, the smaller volume was used.
The stage of development of the transferred eggs (Table 2 ) also had a sig¬ nificant effect upon the pregnancy rate (heterogeneity 2(3) = 8·3, <0·05). This is accounted for by the lower proportion of pregnancies among females receiving one-cell eggs ( 2( ) = 7-61, P<0-01, for the comparison between one-cell eggs and the rest). In those females which became pregnant, however, the survival of the transferred eggs was unrelated to their stage of development.
hazards to which eggs are subject as individuals. Somewhat lower pregnancy rates will, therefore, be expected after the injection of smaller numbers of eggs, but the success rate in those females which become pregnant will be correspond¬ ingly higher. However, with survival rates of the order found in the present study this effect will be small. In fact (Table 3) , the number of eggs injected had no significant effect either on the pregnancy rate or on the percentage of eggs transferred to pregnant females and subsequently recovered as live foetuses. The pregnancy rate with one-cell eggs was consistently lower however many eggs were injected.
To determine the effect of removing the zona pellucida, eight-cell eggs were treated with pronase before transfer to the oviduct. As described in the Methods section, two exposure times for pronase treatment were used. Very few eggs developed successfully on transfer to the oviduct after either treatment (Table  4 ). The viability of the eggs removed from the pronase before lysis was complete (Treatment 2) was independently checked by in vitro culture, and was found not to differ from that of control eggs, with the zona intact ( (Table 6 ). The difference was in the expected direction and statistically highly significant. successful transfers, the recovery rates were twelve out of twenty-four and four¬ teen out of twenty-six blastocysts, respectively. Of the twelve blastocysts ob¬ served in the control group, one was still surrounded by a zona and one was half-way out ; the remaining ten had shed the zona. Five empty zonae were also seen, although the stain used was not optimal for identification of the zona.
DISCUSSION
In the present work, the pregnancy rate among females receiving transfers of one-cell eggs to the oviduct was significantly lower than when two-cell or later stages were transferred. The non-pregnant females were evenly distributed with respect to clutches of one-cell eggs from individual donors (heterogeneity Z2(8) = 5-7); hence the lower pregnancy rate is more likely to be due to a higher rate of transfer failure than to failure of fertilization, or greater sensitivity to adverse conditions, on the part of whole clutches. In those females which became pregnant, the percentage of eggs developing into live foetuses was as high for one-cell as for later stages.
Apart from the lower pregnancy rate with one-cell eggs, the percentage of eggs developing into live foetuses was similar for all stages tested, even for blastocysts removed from the uterus near the time of implantation. This finding is in contrast to that of Tarkowski (1959) . Examination of the excised oviducts 24 hr following transfer revealed that the mobility of the transferred blastocysts did not differ from that of the one-cell, unfertilized eggs of the pseudopregnant host. The blastocysts appeared morphologically normal. The shedding of the zona pellucida by blastocysts retained in the oviduct, with persistence of the empty zonae, has been reported previously by Orsini & McLaren (1967) .
Of 263 live foetuses found at autopsy, all but one were in the uterine horn corresponding to the injected oviduct. This low rate of transmigration between horns is consistent with the finding of Runner (1951) , that one out of eighty embryos examined had migrated to the opposite horn following transfer of one-cell eggs to the ovarian capsule. It suggests that the significantly higher rate (four out of forty-six) reported by McLaren & Michie (1954) following egg transfer to the uterus was, as they suspected, associated with the pressure of the fluid medium in which the eggs were injected, and is not typical of normal pregnancy.
The correlation between the volume of inoculum and the success of egg trans¬ fers to the oviduct may be due to the back-flow of eggs into the periovarian space when the inoculum is large, or it may be related to the distance along the oviduct that the eggs were flushed at the time of transfer. The larger the volume injected, the further along the oviduct would one expect the eggs to be im¬ mediately after transfer, and the earlier the eggs might reach the uterus. In rabbits, the muscular activity of the uterus just after ovulation expels most of the eggs transferred to it on the 1st day of pseudopregnancy. Even on the 2nd and 3rd day of pseudopregnancy, the uterine environment is toxic to the eggs, and only a small proportion of eggs develop into young if transferred to the uterus (Chang, 1950) .
Within the range tested (two to ten eggs per oviduct), the percentage of transferred eggs developing to foetuses was independent of the number injected. Most of the autopsies were carried out on the 10th day p.c., before foetal mortality due to crowding would be expected to occur (McLaren & Michie, 1959 (Tarkowski, 1961; Mintz, 1965 (1970) came to our attention after the present paper had been prepared. Modlinski's findings are similar to our own, with the exception that blastocysts transferred to the oviduct showed a somewhat lower percentage of successful development than did earlier stages. In addition, histological observations showed that zona-free one-and two-cell
